The effect of surface chemistry of reactive sputtered TiN electrodes in the electrochemical capacitors (ECs) was investigated. The TiN films were produced on vertically aligned carbon nanotubes. X-ray photoelectron spectroscopy analysis revealed surface defects generation with no effect on morphology. Cyclic voltammetry experiments were performed in aqueous 0.5 M K 2 SO 4 solution and 1 M Et4NBF4 ((tetraethylammonium tetrafluoroborate)) organic electrolyte. The presence of oxygen vacancies and Ti interstitials on the top surface layer lead to enhanced electrochemical capacitive charge storage. Such findings open the way to design nitride films with optimized surface chemistry for use in the ECs.
It is a well-known fact that the specific capacitance of electrochemical capacitors (ECs) is an electrochemical surface-confined process and, therefore, both the surface area and surface chemistry of the active material determine its capacitance value. Although research efforts are focused at surface area enhancement for super-capacitor development, the effect of surface chemistry of different active materials including oxides, nitrides and carbides remains relatively less explored [1-3]. Indeed, understanding the effect of surface chemistry is important in order to develop high performance materials for ECs.
Recently, transition metal nitrides (TMNs) are attracting attention for their use in electrochemical capacitors or micro-supercapacitors because of their good electrical conductivity, chemical inertness and thermal stability [4] [5] [6] [7] [8] [9] [10] . Among these TMNs, titanium nitride (TiN) [5] [6] [7] has been explored extensively due to its high electrochemical stability, good power density as well as interesting specific capacitance. Previously, we reported the effect of surface modification of TiN films through vacuum annealing in order to improve the specific capacitance [10] .
In this communication, we provide an evidence that presence of surface defects on the TiN film electrodes are responsible for the electrochemical storage. In case of defect-free TiN electrodes or with very low defect density on the surface, high surface area TiN becomes inactive for electrochemical capacitive charge storage.
The carbon nanotubes (CNT) were grown over amorphous carbon (a-C)/Si substrate via microwave plasma-enhanced chemical-vapor deposition process using in acetylene and ammonia mixture with a NH 3 /C 2 H 2 ratio of 0.2. The chamber pressure, microwave power, temperature and time were maintained at 0.2 Pa, 120 W, 600 °C and 60 min, respectively.
More details of the CNT growth procedure are described elsewhere [11] .
Following vertically aligned CNT array growth, titanium nitride (TiN) films were produced through reactive direct-current (DC) plasma sputter deposition. The details of the sputtering system can be found elsewhere [10] . The TiN films were deposited under different conditions of applied power and plasma gas mixture in order to induce different surface chemistries. In one case, the argon (Ar) and nitrogen (N 2 ) gas volumetric flow ratio was maintained at 18:2 (sccm) at 120 W power. The sample was designated as TiN1-CNT. The other sample referred to as TiN2-CNT was obtained when the respective values of Ar:N 2 and P values were 20:1 and 80 W. In both samples, the TiN film thickness was kept to be ~100 nm as determined from the reference samples that used flat, polished silicon wafers as substrates.
The surface and cross-section of the TiN@CNT electrodes were examined under scanning electron microscope (SEM; JEOL JSM 7600F) by operating at 5 kV. The phase analysis was performed by means of X-ray diffraction (XRD) studies using a Siemens D5000 diffractometer with CuKα1 monochromatic radiation in the Bragg Brentano configuration.
The surface analysis was carried out through XPS measurements on a Kratos Axis Ultra apparatus. The high-resolution spectra were recorded using AlKα (1486.6 eV) beam at 20 eV pass energy and 0.9 eV energy resolution. Any charge energy shift in the binding energy (BE) was compensated by setting the C 1s line of the contamination peak to 284.4 eV. For both TiN1-CNT and TiN2-CNT, the XPS measurements were performed ex-situ with the samples In case of TiN2-CNT electrode, a slight shift to higher 2θ values by 0.1 o in the diffraction peaks was noticed that may be attributed to the stress effect within the TiN deposit [12] . The CNT exhibit presence of the diffraction peaks at 2θ values of 25.9° and 42.7° that correspond to the (002) and (100) graphite reflections (JCPDS No. 01-0646), respectively. However, in our case, the vertically aligned CNTs have an average length of about 2 μm and a relatively low area density of 10 9 cm −2 . Therefore, it is difficult to evidence the CNT diffraction peaks using X-Ray diffraction. The peak at 44.5° is attributed to fcc Ni phase [11] that was used as catalyst for CNT growth. The other weak diffraction peaks present in all the three samples maybe ascribed to the substrate.
The XPS deconvolution of the Ti 2p core level high resolution spectra for the TiN1-CNT and TiN2-CNTelectrodes are represented in Fig. 2a and Fig. 2d In order to confirm the absence of defect on the surface of TiN2-CNT electrodes, one can compare the N 1s core level spectra of both electrodes, as shown in Fig. 2b and Fig. 2e .
The deconvoluted N 1s peak of TiN1-CNT electrode contains four peaks (Fig. 2b) with oxygen substitution by nitrogen in the TiO x layer. The peak related to β-N does not appear in the deconvoluted N 1s spectrum of TiN2-CNTs (Fig. 2e) . As mentioned above, this kind of substituted nitrogen atoms are believed to create oxygen vacancies. Therefore, the lack of β-N species at the surface of TiN2-CNTs sample is in a good agreement with the absence of Ti 2 O 3 band on the electrode surface.
Another way to examine the presence of defects on the surface of TiO x layer is by looking at the valence band (V B ). In Fig. 2c and 2f are presented the V B of TiN1-CNT and TiN2-CNT electrodes, respectively. In case of TiN1-CNT electrode (Fig. 2e) . In contrast with this behavior, the CVs for the TiN2-CNT electrode (Fig. 4 c, d ) exhibit a completely distorted shape and a very low capacitive current in both electrolytic solutions. This indicates that the TiN2-CNT film does not store as much charges as TiN1-CNT sample even it exhibits the same high surface area. The absence or scarcity of point defects on the surface as qualitatively determined from XPS analyses (absence of β-N, 
